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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide piezoelectric ceramics which contains no lead 
and has a high Curie point and excellent piezoelectric characteristics. 
SOLUTION: The piezoelectric ceramics is a piezoelectric ceramic material utilizing 
thickness shear vibration, which is a bismuth layer compound containing Mil (Mil is an 
element or a group of elements, selected from Sr, Ba and Ca), Bi, Ti and O, and contains 
MIIBi4Ti4015 type crystals, wherein when the composition (the ratios of constituent 
atoms) of Mil is represented by the formula SrxBayCaz, x+y+z=1, 0<x<1, 0<y<0.9, and 0^ 
z<1; a piezoelectric ceramic material utilizing thickness longitudinal vibration, which is a 
bismuth layer compound containing Mil (MM is as defined above), Bi, TI and O, and 
contains MIIBi4Ti4015 type crystals, wherein when the composition (the ratios of 
constituent atoms) of Mil is represented by the formula SrxBayCaz, x+y+z=1, 0<x<0.9, 0< 
y<0.9, and 0<z<1; or a piezoelectric ceramic material which is a bismuth layer compound 
containing Ca, BI, Ti, Ln (a lanthanold element) and O, and contains CaBi4Ti4015 type 
crystals, wherein the atomic ratio of Ln/(Ln+Ca) meets the relational expression 0<Ln/ 
(Ln+Ca)<0.5. 
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* NOTICES * 

JPO and NCI PI are not responsible for amy 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Electrostrictive ceramics which is a bismuth stratified compound containing Mil (element 
with which Mil is chosen from Sr, Ba, and calcium), Bi, Ti, and O, is x+y+z=l, 0<=x<=l, 
0<=y<=0.9, and 0<=z<=l, and uses thickness skid vibration when the atomic ratio in Mil is 
expressed with SrxBayCaz including a MIIBi4Ti4015 mold crystal. 
[Claim 2] Electrostrictive ceramics of claim 1 which is +0.2<=y<=0.8 x/6. 

[Claim 3] Electrostrictive ceramics which is a bismuth stratified compoimd containing MH (at least 
one sort of elements with which ME is chosen from Sr, Ba, and calciiun), Bi, Ti, and O, and the c- 
axis die length of a MIIBi4Ti401 5 mold crystal is 41.00A or more, and uses thickness skid vibration 
including a MIIBi4Ti4015 mold crystal. 

[Claim 4] Electrostrictive ceramics of claim 3 whose c-axis die length of said MIIBi4Ti4015 mold 
crystal is 41.30A or more. 

[Claim 5] Electrostrictive ceramics of claims 3 or 4 whose c-axis die length of said MIIBi4Ti4015 
mold crystal is 41 .80A or less. 

[Claim 6] Electrostrictive ceramics which is a bismuth stratified compound containing ME (element 
with which Mil is chosen from Sr, Ba, and calcium), Bi, Ti, and O, is x+y+z=l, 0<=x<0.9, 
0<=y<=0.9, and 0<=z<l, and uses thickness longitudinal oscillation when the atomic ratio in ME is 
expressed with SrxBayCaz including a MIIBi4Ti4015 mold crystal. 
[Claim 7] Electrostrictive ceramics of claim 6 which is y<=-0.8x+0.9. 
[Claim 8] - Electrostrictive ceramics of claim 6 which is 0.2x+0.3<=z. 

[Claim 9] One electrostrictive ceramics of claims 1-8 whose atomic ratio Ln/(LnH-MII) is 0<Ln/ 
(Ln+MII) <0.5 when a lanthanoids oxide is contained and a lanthanoids is expressed with Ln. 
[Claim 10] Electrostrictive ceramics whose atomic ratio Ln/(Ln+calcium) it is a bismuth stratified 
compovmd containing calcium, Bi, Ti, Ln (lanthanoids), and O, and is 0<Ln/(Ln+calcium) <0.5 
including a CaBi4Ti4015 mold crystal. 

[Claim 11] One electrostrictive ceramics of claims 1-10 containing Mn oxide. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the electrostrictive ceramics which it can be broad 

in fields, such as a resonator and a pressure sensor, and can be appUed to them. 

[0002] 

[Description of the Prior Art] A piezo electric crystal is an ingredient which has the piezo-electric 
effect fi-om which electric polarization changes, and the inverse piezoelectric effect which generates 
distortion by impressing electric field by receiving stress fi*om the exterior. The piezo electric crystal 
is appUed to the sensor for measuring a pressure and deformation, the resonator, the actuator, etc. 
[0003] The great portion of piezoelectric material by which current utilization is carried out has the 
common ferroelectric which has perovskite structures, such as a PZT (PbZr03-PbTi03 solid 
solution) system of tetragonal system or a rhombohedral system, and PT (PbTi03) system of 
tetragonal system. And the correspondence to various demand characteristics is aimed at by adding 
various accessory constituents to these. 

[0004] However, the piezoelectric material of a PZT system or PT system has many whose Curie 
point is about 300-350 degrees C in a practical presentation. On the other hand, since the processing 
temperature in the present soldering process is usually 230-250 degrees C, the piezoelectric material 
whose Curie point is about 300-350 degrees C tends to produce property degradation in a soldering 
process. And if the solder (lead-fi-ee soldering) which does not contain lead is put in practical use, 
the processing temperature in a soldering process will become still higher. Therefore, it is very 
important to make the Curie point of piezoelectric material high. 

[0005] Moreover, since these lead system piezoelectric material contams volatile, very high lead 
oxide (PbO) in the large quantity (60 - 70 mass % extent) also at low temperature, it is not desirable 
fi-om the field of an ecological standpoint and prevention of pollution. In case these lead system 
piezoelectric material is manufactured as the ceramics or a single crystal, heat treatment of baking, 
melting, etc. is unescapable, and when it thinks on industrial level, specifically, volatilization into the 
atmospheric air of the lead oxide which is a volatile component, and a diffusing capacity become 
very abundant. Moreover, although the lead oxide emitted in a manufacture phase is recoverable, 
when the lead oxide contained in the piezoelectric material paid for the commercial scene as an 
industrial product cannot be collected by the most in the present condition, and these are large and it 
is emitted into an enviroimient, becoming the cause of a public nuisance is not avoided. 
[0006] Although BaTi03 of the perovskite structure belonging to tetragonal system is well known as 
a piezoelectric material which does not contain lead at all, for example, since this has the Curie point 
as low as 120 degrees C, it is not practical. Moreover, although the TiO(Bi(l-x)l / 2Na 1/2)3- 
xNaNb03 soUd solution of a perovskite structure is mdicated by JP,9-100156,A, that to which the 
Curie point exceeds 370 degrees C is not indicated by this official report. 

[0007] As a piezo electric crystal as for which the Curie point is made to 500 degrees C or more, the 
bismuth stratified compovmd is known, for example. However, the bismuth stratified compoimd 
which does not contain lead at all has the problem that Qmax which becomes important is small, 
when applying to a resonator. Qmax is tanthetamax when setting maximum of a phase angle to 
thetamax. That is, when X is made into a reactance and R is made as resistance, it is the maximimi of 
Q between resonance frequency and antiresonant frequency (=|X|/R). An oscillation is stabilized, so 
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that Qmax is large, and an oscillation by the low battery is attained. 

[0008] the collection of lecture drafts of 16th ferroelectric application meetings (1999. 5.26-29) ~ 
the report which raises Qmax of the bismuth stratified compoxmd which does not contain lead at all 
to the 97-98 th page is indicated. Bi4Ti 4015 is indicated by this report as a bismuth stratified 
compound which does not contain lead (Srl-xMex). It is Me=Ba, and calcium, La, Sm and Gd, and 
the range of Ba and calcium is x<=0.1, tiie range of Sm and Gd is x<=0.4, and La is added in 
x<=0.5. By the above-mentioned collection of lecture drafts, Qmax in thickness length fimdamental 
vibration is measured, and it is shown in Fig.2 that Qmax improves by addition of La and that Qmax 
falls by addition of Ba or calcium. 
[0009] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is offering the 
electrostrictive ceramics which has the piezo-electric property which was high and was excellent 
excluding lead. [ of the Curie point ] 
[0010] 

[Means for Solving the Problem] The above-mentioned pxupose is attained by this invention of 
following the (1)- (11). 

(I) Electrostrictive ceramics which is a bismuth stratified compound containing Mil (element with 
which Mn is chosen fi*om Sr, Ba, and calcium), Bi, Ti, and O, is x+y+z=l, 0<=x<=l, 0<=y<=0.9, 
and 0<=z<=l, and uses thickness skid vibration when the atomic ratio in Mil is expressed with 
SrxBayCaz including a MIIBi4Ti4015 mold crystal. 

(2) 

Electrostrictive ceramics of the above (1) which is +0.2<=y<=0.8 x/6. 

(3) Electrostrictive ceramics which is a bismuth stratified compovind containing Mil (at least one sort 
of elements with which Mil is chosen firom Sr, Ba, and calcium), Bi, Ti, and O, and the c-axis die 
length of a MIIBi4Ti4015 mold crystal is 4L00A or more, and uses thickness skid vibration 
including a MIIBi4Ti4015 mold crystal. 

(4) Electrostrictive ceramics of the above (3) whose c-axis die length of said MIIBi4Ti4015 mold 
crystal is 41.30A or more. 

(5) The above (3) whose c-axis die length of said MIIBi4Ti4015 mold crystal is 41.80A or less, or 
(4) electrostrictive ceramics. 

(6) Electrostrictive ceramics which is a bismuth stratified compound containing Mil (element with 
which Mn is chosen fi-om Sr, Ba, and calcium), Bi, Ti, and O, is x+y+z=l, 0<=x<0.9, 0<=y<=0.9, 
and 0<=z<l, and uses thickness longitudinal oscillation when the atomic ratio in Mil is expressed 
with SrxBayCaz including a MIIBi4Ti4015 mold crystal. 

(7) 

Electrostrictive ceramics of the above (6) which is y<=-0.8x+0.9. 
(8) 

- Electrostrictive ceramics of the above (6) which is 0.2x+03<=z. 

(9) One electrostrictive ceramics of above-mentioned (1) - (8) whose atomic ratio Ln/(Ln+MII) is 
0<Ln/(Ln+MII) <0.5 when a lanthanoids oxide is contained and a lanthanoids is expressed with Ln. 

(10) Electrostrictive ceramics whose atomic ratio Lii/(Ln+calcium) it is a bismuth stratified 
compound containing calcium, Bi, Ti, Ln (lanthanoids), and O, and is 0<Ln/(Ln+calciirai) <0.5 
including a CaBi4Ti4015 mold crystal. 

(I I) One electrostrictive ceramics of above-mentioned (1) - (10) containing Mn oxide. 
[0011] 

[Embodiment of the Invention] This invention includes the 1st mode, 2nd mode, and 3rd mode 
which are explained below. 

[0012] The electrostrictive ceramics of the 1st mode [ 1st ] of a mode is a bismuth stratified 
compound containing ME (element with which Mil is chosen firom Sr, Ba, and calcium), Bi, Ti, and 
O, and is a multiple oxide including a MIIBi4Ti4015 mold crystal. The electrostrictive ceramics in 
the 1 st mode is used by thickness skid vibration. The reason is explained below. 
[0013] Although it has checked that comparatively high Qmax was obtained in thickness length 
fimdamental vibration as a result of this invention persons* repeating research about a SrBi4Ti4015 
system bismuth stratified compound, it turned out that oscillating [ which spurious vibration 
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increased, consequently was stabilized ] becomes impossible. Then, this invention persons measured 
the piezo-electric property by the 3rd higher harmonic of thickness longitudinal oscillation. 
Consequently, although spurious vibration decreased, it turned out that Qmax becomes small. 
Furthermore, when this invention persons measured the piezo-electric property by thickness skid 
fundamental vibration, it turned out that Qmax with it is obtained. [ there is Uttle spurious vibration 
and big enough ] 

[0014] by the way, said collection of lecture drafts — the secondary TE-mode (thickness 
longitudinal-oscillation mode) higher harmonic having closed, and having realized eye ** is reported 
to the 101 -102nd page by by considering as the two-layer structure which sandwiched the intemsd 
electrode using CaBi4Ti 4015 which is Bi stratified compoxmd. The resonance characteristic no 
essential spurious ones is [ resonance characteristic ] in this report is shown. However, in order to 
consider as two-layer structure as shown in a multiple address notice, it is necessary to calcinate a 
ceramic element assembly and an internal electrode to coincidence. Although it is common in 
laminating die parts, such as a stacked type ceramic condenser, to use Ag, Pd, or these alloys as an 
intemal electrode ingredient, since the burning temperature of CaBi4Ti 4015 is higher than the 
melting point of Ag, Ag cannot be used. Moreover, since Pd reacts with Bi at the time of baking, it 
cannot use Pd, either. Therefore, there is a problem that expensive Pt must be used for an intemal 
electrode. 

[0015] Effectiveness by using thickness skid vibration is realized in the range of x+y+z=l, 0<=x<=l, 
0<=y<=0.9, and 0<=z<=l, when the atomic ratio in Mil is expressed with SrxBayCaz. If the ratio y 
of Ba occupied to Mil becomes high too much, it will become easy to fuse electrostrictive ceramics 
at the time of baking. This is the same also in the 2nd mode mentioned later. 

[0016] Moreover, if the ratio of calcium occupied to ME becomes high too much, a coercive electric 
field will become high and polarization will become difficult. When this point is taken into 
consideration, being referred to as z< 1 is desirable, and being referred to as z<=0,8 is more 
desirable. This is the same also in the 2nd mode. However, when the lanthanoids oxide mentioned 
later is made to contain, even if the ratio of calcium occupied to Mil is high, and it is z= 1, for 
example, a problem is not produced about polarization. 

[0017] According to the experiment of this invention persons, when thickness skid vibration was 
used, it turned out that the temperature characteristic of resonance frequency becomes comparatively 
steep, and the temperature dependence of an oscillation frequency becomes comparatively large. 
Then, as a result of repeating an experiment further, by optimizing the atomic ratio in Mil, as shown 
below showed that the temperature characteristic of resonance frequency could be made quite flat. 
Specifically for flattening of the temperatiu-e characteristic of resonance frequency, it is desirable to 
set up the atomic ratio in Mil within limits expressed with x / 6H-0.2<=y<=0.8. This range is a 
hatching field in the 3 yuan composition diagram shown in drawing 1 . 

[0018] Moreover, this invention persons found out that the c-axis die length of a MIIBi4Ti4015 
mold crystal could make quite flat preferably the 41.00A or more of 41.30A or more, then the 
temperature characteristics of resonance frequency as a result of the experiment. C-axis die length 
can be changed by permuting some configuration elements (for example, Sr) of a MIIBi4Ti4015 
mold crystal by other elements (for example, Ba and/or calcium) by which ionic radii differ. 
Therefore, what is necessary is just to choose a permutation element and the amount of permutations 
suitably in this invention, so that c-axis die length may become above-mentioned within the limits. 
However, when it permutes so that x which x and y showing the atomic ratio in Mil described 
above / 6+0.2<=y<=0.8 may be satisfied, the temperature characteristic of above-mentioned within 
the limits, then resonance frequency can be made remarkably flat for c-axis die length. In addition, 
since the temperature characteristic of resonance frequency will get rather bad if a c-axis is too long, 
as for c-axis die length, it is desirable that it is 41.80A or less. C-axis die length can be measured 
according to an X diffraction. 

[0019] The explanation after this is common in the 1st mode, 2nd mode, and 3rd mode. 
[0020] In the electrostrictive ceramics of this invention, in order to raise Qmax further, it is desirable 
to make a lanthanoids oxide contain. They are La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, 
Yb, and Lu, among these, at least one sort of a lanthanoids of La, Nd, Sm, Gd, Dy, Ho, Er, and Yb is 
desirable, and its La is the most desirable. When it contains a lanthanoids (Ln), atomic ratio Ln/ 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/1/2006 



JP,2001-192267,A [DETAILED DESCRIPTION] 



Page 4 of 8 



(Ln+MU) is 0<Ln/(Ln+MII) <0.5, and is 0.03 <=Lii/(Ln+MII) <=0.3 preferably. Qmax will become 
rather low if Ln/(Ln+MII) is too large. It is thought that the improvement in Qmax by addition of Ln 
oxide is based on improvement in a degree of sintering. 

[0021] Moreover, Qmax can be raised also by making Mn oxide contain. Qmax can be remarkably 
raised by carrying out compoimd addition of Mn oxide and the Ln oxide especially. However, if 
there are too many contents of Mn oxide, since insulation resistance will become low and 
polarization processing will become difficult, the content of Mn oxide is converted into MnO and is 
more preferably made below into 0.43 mass % still more preferably below 0.60 mass % xmder 0.62 
mass %. On the other hand, in order to fully demonstrate the effectiveness by addition of Mn oxide, 
as for Mn oxide, it is desirable to convert into MnO and to contain more than 0.02 mass %, and when 
it contains more than 0.03 mass %, especially the improvement effectiveness in Qmax becomes high. 

[0022] Moreover, Qmax can be raised also by making Co oxide contain. In order to fully 
demonstrate the improvement effectiveness in Qmax, it is desirable to carry out the content of CoO 
conversion to more than 0.1 mass %. However, if there are too many contents of Co oxide, insulation 
resistance will become large and polarization will become difficult. Therefore, the content of CoO 
conversion is preferably made under into 0.7 mass %, and is more preferably made below into 0.5 
mass %. 

[0023] Although it is desirable to consist of this crystal substantially including the MIIBi4Ti4015 
mold crystal which is a bismuth stratified compound as for the electrostrictive ceramics of this 
invention, even if not completely homogeneous, it may contain the unusual appearance, for example. 
Although it is thought that Ln has mainly permuted the Mil site of a MIIBi4Ti4015 mold crystal in 
this electrostrictive ceramics, the part may permute other sites and the part may exist in the grain 
boundary. 

[0024] The presentation by the whole electrostrictive ceramics of this invention may be deflected 
fi-om these, although it is good, and MnO and CoO shall just be added to this generally (MIIl-aLna) 
Bi4Ti 4015, then when it contains Mn oxide and Co oxide. For example, the ratio of MII+Ln to Ti 
and the ratio of Bi to Ti may shift from stoichiometric composition about **5%. For example, it is 
possible to make Qmax higher by making the ratio of Bi to Ti higher. Moreover, the amount of 
oxygen may also change according to a valence, an oxygen defect, etc. of a metallic element. 
[0025] Moreover, although Pb oxide, Cr oxide, Fe oxide, etc. may contain as an impurity thru/or a 
minute amoxmt additive in the electrostrictive ceramics of this invention, the content of these oxides 
is converted into the oxide of stoichiometric composition, such as PbO, Cr 203, and Fe203, it is 
desirable that it is below the whole 0.5 mass %, respectively, and it is more desirable [ a content ] 
that it is below 0.5 mass % also in the sum total of these oxides. When there are too many contents 
of these oxides, the effectiveness of this invention may be spoiled. In addition, although it is most 
desirable that Pb is not contained in the electrostrictive ceramics of this invention, it will be 
substantially satisfactory if it is the content of above-mentioned extent. 

[0026] The crystal grain of the electrostrictive ceramics of this invention does not have fusiform, and 
is needlelike. Although especially the diameter of average crystal grain is not limited, in the direction 
of a major axis, 1-10 micrometers is 3-5 micrometers more preferably. 

[0027] The Curie point of the electrostrictive ceramics of this invention is easy to be able to consider 
as at least 380 degrees C or more, and to consider as 430 degrees C or more. 

[0028] The electrostrictive ceramics of this invention is suitable for a resonator, a high-temperature- 
service sensor, etc, 

[0029] The electrostrictive ceramics of the 2nd mode [ 2nd ] of a mode has a MIIBi4Ti4015 system 
presentation like the electrostrictive ceramics of the 1st mode. However, the electrostrictive ceramics 
of the 2nd mode is used by thickness longitudinal oscillation. 

[0030] As a result of this invention persons' repeating research about a SrBi4Ti4015 system bismuth 
stratified compound, when it was used by the 3rd higher harmonic of thickness longitudinal 
oscillation, the presentation range where there is nothing to the former and high Qmax is obtained 
was foimd out. The presentation of the electrostrictive ceramics of the 2nd mode is within the limits 
of this. 

[0031] In the electrostrictive ceramics of the 2nd mode, it is desirable for the atomic ratios in Mil to 
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be x+y+z=l, 0<=x<0.9, 0<=y<=0.9, and 0<=z<l, and to satisfy y<=-0.8x-K).9 fiirther preferably, i.e., 
for X, and y and z to exist all over the hatching field of the 3 yuan composition diagram shown in 
drawing 2 . Moreover, it is still more desirable more preferably to satisfy -0.2x+0.3 <=z, i.e., for x, 
and y and z to exist all over the hatching field of the 3 yuan composition diagram shown in drawing 
3 . 

[0032] In the electrostrictive ceramics of the 1st mode, the electrostrictive ceramics of the 3rd mode 
[ 3rd ] of a mode uses only calcium as an element Mil, and makes Ln oxide indispensable. However, 
in the electrostrictive ceramics of the 3rd mode, the mode used is not limited but can also use the 
oscillation modes other than thickness skid vibration. 

[0033] Since the electrostrictive ceramics of the 3rd mode contains Ln oxide, compared with the 
CaBi4Ti4015 system ceramics which does not contain Ln oxide, Qmax becomes large. Moreover, 
this is improved by addition of Ln oxide, although the CaBi4Ti4015 system ceramics which does 
not contain Ln oxide is difficult polarization as mentioned above. 
[0034] An example of the manufacture approach, next the method of manufacturing the 
electrostrictive ceramics of this invention is explained. 

[0035] First, as a start raw material, an oxide or the compoimd which may change to an oxide by 
baking, for example, a carbonate, a hydroxide, an oxalate, a nitrate, etc. specifically prepare the 
powder of MIIC03, Bi203, Ti02, La203, Mn02, and MnC03 grade, and carry out wet blending of 
these with a ball mill etc. 

[0036] Subsequently, temporary quenching is carried out. In addition, temporary shaping is usually 
carried out before temporary quenching. 700-1000 degrees C of temporary-quenching temperature 
are 750-850 degrees C more preferably. If temporary-quenching temperature is too low, a chemical 
reaction will not fiiUy be completed but will become inadequate [ temporary quenching ]. On the 
other hand, subsequent grinding becomes difficult in order that a temporary Plastic solid may begin 
to sinter, if temporary-quenching temperature is too high. Although especially temporary-quenching 
time amount is not limited, considering as 1 - 3 hours is usually desirable. 

[0037] The obtained temporary-quenching object is slurred and wet grinding is carried out using a 
ball mill etc. Although especially the mean particle diameter of the powder obtained by this grinding 
is not limited, when the ease of carrying out of subsequent shaping is taken into consideration, it is 
desirable to be referred to as about 1-5 micrometers. 

[0038] The powder of a temporary-quenching object is dried after wet grinding, after carrying out 
small quantity (4-8 mass % extent) addition of the water at a dry matter, press forming is carried 
out by the pressure of 100 - 400MPa extent, and a Plastic solid is acquired. Under the present 
circumstances, binders, such as polyvinyl alcohol, may be added. 

[0039] Subsequently, a Plastic solid is calcinated and electrostrictive ceramics is obtained. Burning 
temperature is preferably chosen fi-om the range of 1 100-1250 degrees C, and makes firing time 
preferably about 1-5 hours. Baking may be performed in atmospheric air and you may carry out in 
the ambient atmosphere where oxygen tension is lower than the inside of atmospheric air, a high 
ambient atmosphere, or a pure oxygen ambient atmosphere. 

[0040] Polarization processing is performed after baking. Although what is necessary is just to 
determine the conditions of polarization processing suitably according to the presentation of 
electrostrictive ceramics, in polarization temperature, 150-250 degrees C and polarization time 
amount should just usually make polarization electric field 1.1 or more times of a coercive electric 
field for 1-30 minutes. 
[0041] 

[Example] In the procedure below an example 1 (the 1st mode, the 3rd mode), the electrostrictive 
ceramics sample shown in Table 1 was produced. 

[0042] as a start raw material - SrC03, BaC03, CaC03, Bi 203, and Ti02 and Ln2 - each powder 
of 03 and MnC03 was blended so that the last presentation might serve as l(SrxBayCaz)- 
aLnaBi4Ti4015+MnO, and wet blending was carried out for 16 hours with the ball mill which used 
the zirconia ball in pure water. The content of Mn oxide converted into x which shows the content of 
Sr, Ba, calcium, and Ln in the last presentation, respectively, y and z, and a and MnO is shown in 



[0043] Subsequently, mixture was fiilly dried, and after carrying out temporary shaping, temporary 



Table 1. 
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quenching was carried out into air for 2 hours. Temporary-quenching temperature was chosen from 
the range of 800-1000 degrees C. After carrying out coarse grinding of the obtained temporary- 
quenching object with a mortar, the stone milling machine groimd further. Subsequently, it dried, 
after pulverizing with a ball mill for 16 hours. Subsequently, after 6 mass % Adding pure water as a 
binder, press forming was carried out and the temporary Plastic solid with a flat-surface dimension 
40mmx40mm and a thickness of 13mm was acquired. After carrying out the vacuum packing of this 
temporary Plastic solid, it fabricated by the pressure of 245MPa with a hydrostatic-pressure press. 
[0044] The acquired Plastic solid was calcinated. Baking was performed in the well-closed container 
made from MgO, in order to prevent evaporation of Bi. Burning temperature was chosen from the 
range of 1 120-1235 degrees C, and firing time was made into 4 hours. 

[0045] From the obtained sintered compact, after starting flat-surface dimension 30mmxlOmm and a 
block with a thickness of 5.5mm, Ag electrode was applied to the vertical side, and at 650 degrees C, 
heat treatment was performed for 10 minutes and it was able to be burned. 

[0046] Subsequently, the electric field more than 1.1 xEC (MV/m) were impressed for 1 minute all 
over the 250-degree C silicone oil bath, and polarization processing was performed. In addition. 
Above EC is the coercive electric field of each sintered compact in 250 degrees C. 
[0047] After cutting down flat-surface dimension 30mmx5.5mm and a plate with a thickness of 
0.45nim, it started to flat-surface dimension 7nmix3mm, and the chip was obtained from the block 
by which polarization was carried out so that lap polish might be carried out, thickness might be set 
to 325 micrometers and the direction of polarization might become parallel to the side with a die 
length of 3mm fiirther. Ag electrode for evaluating thickness skid vibration was formed in the 
vertical side of this chip with vacuum deposition. The dimension of this Ag electrode was made into 
1 micrometer in the diameter of 1 .5mm, and thickness. 

[0048] About each sample, using impedance analyzer HP4194made from Hewlett Packard A, the 
impedance characteristic was measured in the fimdamental-wave mode of thickness skid vibration, 
and Qmax was calculated. A result is shown in Table 1. 

[0049] Moreover, resonance frequency fr was measured about each sample in the -40-85-degree C 
temperature requirement, and rate-of-change **fr of the resonance frequency fr on the basis of 20 
degrees C was calculated by formula **fi=frT/fr20 using the resonance frequency frT in temperature 
T (T=-40 degree C, -10 degrees C, 20 degrees C, 50 degrees C, 85 degrees C), and the resonance 
frequency fr20 in 20 degrees C. Consequently, since fr changed almost linearly in the range of T=- 
40-85 degree C, straight-line approximation of the temperature dependence of **fr was carried out 
with the least square method, and the inclination (frTC shown in Table 1) estimated the temperature 
dependence of resonance frequency. The temperature dependence of resonance frequency will be 
small, so that frTC is small. 

[0050] Moreover, the c-axis die length of a MIIBi4Ti4015 mold crystal was measured in the 
following procedures about each sample. First, the sintered compact was ground and, in addition, 
about 1/of Si powder which is the standard substance was mixed from 5 with the agate mortar to the 
grinding object about 1/3 by the volume ratio. About the obtained mixture, using powder X-ray 
diffractometer (Mac Saiensu-Sha make), it was referred to as target: CuKalpha, tube voltage :45kV, 
and tube electric current:40mA, and the X diffraction profile was obtained as a part for /once 
[ scanning speed:] 2theta measuring-range: 10-60 degree in the continuation scanning. Smoothing of 
this X diffraction profile was carried out, and after removing the reflection which originates 
subsequently to CuKalpha2 line, the location of each peak was determined. Next, the difference with 
2theta of Si peak indicated to be the actual measurement of 2theta in this profile by JCPDS card 
No.27-1402 about each peak of Si mixed as the standard substance was searched for, and this 
difference was averaged. The acquired average W2ts made into the correction value of 2theta. Next, 
based on BaBi4Ti 4015 of JCPDS card No. 35-0757, indices-of-crystal-plane attachment was 
performed about each peak in an X diffraction profile. (006), (008), (0010), (101), (103), (105), 
(107), (109), (110), (0018), (1 110), and (200) - and (1118) (219) computed the lattice constant by 
the error function calculating [ automatically ] method from the characteristic of a peak, and the 
correction value of 2theta for 14 peaks. [ next, ] A result is shown in Table 1. In addition, when the 
peaks for count lapped and it was hard to distinguish, or when the peak for count and the peak of Si 
lapped, the peak was excepted from coimt. 
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[0051] 
[Table 1] 



No. 


Srfi 

X 


7 


Cal: 
s 


Ln 

mm 


Lnfi 
a 


MnO 




&TC 
(ppmAC) 


(A) 


101 


1.000 






La 


0.1 


0.31 


20.6 


-87 


41.00 


102 


0.889 


0.111 




La 


0.1 


0.31 


18.8 


-77 


41.10 


103 


0.778 


0.222 




La 


0.1 


0.31 


19.5 


-65 


41.18 


104 


0.556 


0.444 




La 


0.1 


0.31 


18.2 


-49 


41.41 


lUv 


V.OOO 








n 1 




±9,1 


-43 


41.57 


108 


0.889 




0.111 


La 


0.1 


0.31 


19.0 


-86 


40.97 


107 


0,778 




0.222 


La 


0.1 


0.31 


21.4 


-84 


40.96 


108 


0.656 




0.444 


La 


0.1 


0.31 


19.0 


79 


40.86 


109 


0.333 




0.667 


La 


0.1 


0.31 


24.5 


-78 


40.81 


110 






1.000 


La 


0.1 


0.31 


25.2 


-77 


40.68 


111 


0.556 


0.222 


0.222 


La 


0.1 


0.31 


10.3 


-61 


41.07 



[0052] Qmax big enough is obtained with each sample shown in Table 1. Moreover, by choosing the 
presentation ratio in Mil shows that frTC is made in degree C and 50 ppm /or less in an absolute 
value. In Table 1, when the c-axis die length of a MIIBi4Ti4015 mold crystal is 41.30A or more, 
frTC has become in degree C and 50 ppm /or less in the absolute value. 

[0053] In addition, when used only Ba as Mil, produced comparison sample No.ll2 like sample 
No. 101, La was not added and also comparison sample No.l 13 are produced like comparison sample 
No.l 12, the element assembly has fused with these comparison samples. 

[0054] All the Curie temperature of a sample shown in Table 1 was 382 degrees C or more. When 
compared by taking the scanning electron microscope photograph of a cross section about what 
contains Ln oxide among these samples, and the thing which is not contained, holes decreased in 
number by Ln oxide content, and it was checked that the sintered compact is carrying out ebumation. 
When the sample shown in Table 1 was analyzed by powder X-ray diffractometry, having a single 
phase of a MIIBi4Ti4015 mold crystal was checked. 

[0055] The element shown in Table 1 as example 2(1 st mode) Ln was used, and also the 
electrostrictive ceramics sample was produced like sample No. 104, and the same measurement as an 
example 1 was performed about these. A result is shown in Table 2. 
[0056] 
[Table 2] 



No. 


z 


Bafi 

7 


CaS 
z 


La 

mm 


LnS 
a 


MaO 


-9™- 


frTC 
(ppmAI^) 


201 


0.656 


0.444 




Sm 


0.1 


0.31 


8.9 


45 


202 


0.556 


0.444 




Gd 


0,1 


0.31 


6.9 


-45 


203 


0.556 


0.444 




Yb 


0.1 


0.31 


5.8 


-48 


204 


0.556 


0.444 




Nd 


0.1 


0.31 


6.9 


.46 


205 


0.566 


0.444 




Dy 


0.1 


0.31 


4.6 


-44 


206 


0.556 


0.444 




Ho 


0.1 


0-31 


4.0 


-45 


207 


0.556 


0.444 




Er 


0.1 


0.31 


2.4 


•46 



[0057] Each sample shown in Table 2, i.e., the sample which added lanthanoidses other than La, was 
calcinated on sample No. 104 and these conditions of having used La. That is, baking conditions were 
not optimized with these samples. Therefore, with these samples, Qmax is quite low compared with 
the sample of La addition. However, the temperature characteristic of resonance frequency has 
become more than sample No. 104 and the EQC of La addition. 

[0058] In addition, the c-axis die length of the MIIBi4Ti4015 mold crystal in each sample shown in 
Table 2 was almost the same as sample No. 104. 

[0059] All the Curie temperature of a sample shoAvn in Table 2 was 382 degrees C or more. 
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Moreover, with the sample shown in Table 2, the ebumation of a sintered compact was accepted like 
Ln oxide content sample shown in Table 1. Moreover, when the sample shown in Table 2 was 
analyzed by powder X-ray diffractometry, having a single phase of a MllBi4Ti4015 mold crystal 
was checked. 

[0060] It considered as the presentation shown in example 3 (the 2nd mode, the 3rd mode) table 3, 
and also the sintered compact was produced like the example 1 . After cutting down flat-surface 
dimension 30mmx30mm and a plate with a thickness of 0.55nmi, lap poUsh was carried out and 
sheet metal with a thickness of 435 micrometers was obtained from the obtained sintered compact. 
Cu electrode was formed in the vertical side of this sheet metal by vacuum evaporationo, field 
strength was carried out to more than l.SxEC (MV/m), and also polarization processing was 
performed like the example 1 . 

[0061] Subsequently, after removing Cu electrode by etching using FeC12 solution, it started to flat- 
surface dimension 7mmx4.5mm, and the chip was obtained so that the direction of polarization 
might turn into the thickness direction. Ag electrode for evaluating thickness longitudinal oscillation 
was formed in the vertical side of this chip with vacuum deposition. The dimension of this Ag 
electrode was made into 1 micrometer in the diameter of 1.5mm, and thickness. 
[0062] About each sample, using impedance analyzer HP4194made from Hewlett Packard A, the 
impedance characteristic was measured in the 3rd higher-harmonic mode of thickness longitudinal 
oscillation, and Qmax was calculated. A result is shown in Table 3. 
[0063] 
[Table 3] 



No. 


X 


y 


z 


La 

mm 


hum 

a 


MnO 




301 


0.333 




0.667 


La 


0.1 


0.31 


ia.o 


302 






1.000 


La 


0.1 


0.31 




303 otm 


1.000 






La 


0.1 


0.31 


7.6 



[0064] Table 3 shows that Qmax big enough even when the 3rd higher harmonic of thickness 
longitudinal oscillation is used by making the presentation of electrostrictive ceramics into within the 
Umits limited in the 2nd mode is obtained. Moreover, in Table 3, Qmax big enough is obtained also 
in the 3rd mode. 

[0065] All the Curie temperature of a sample shoAvn in Table 3 was 500 degrees C or more. When 
the sample shown in Table 3 was analyzed by powder X-ray diffractometry, having a single phase of 
a MIIBi4Ti4015 mold crystal was checked. 
[0066] 

[Effect of the Invention] Since Qmax can be enlarged in the electrostrictive ceramics which does not 
contain lead according to this invention, the stable oscillation and an oscillation by the low battery 
are attained. 

[Translation done.] 
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* NOTICES * 

JPO sund NCIPI are not: responsible £or any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 

precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the 3 yuan composition diagram showing the desirable presentation range of the 
electrostrictive ceramics of this invention. 

[Drawing 2] It is the 3 yuan composition diagram showing the desirable presentation range of the 
electrostrictive ceramics of this invention. 

[Drawing 3] It is the 3 yuan composition diagram showing the desirable presentation range of the 
electrostrictive ceramics of this invention. 



[Translation done.] 
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[Drawing 1] 
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2 '^-S^ttt. B i m^VC^X^^ C a B i 4 T i 4 O 

» rtgi5ll@^S^^fc2S«3t^:■rSil^:^^:<^: 
(3. TE^r-K (i»*faE^*-K) 2^1i5^©^i; 
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{±. {H^mimmtLXAg. Pd. $fc{± cne. 

^^^E^T^C i:*^— |S6^T'fe5*V C a B i < T i < O 
« OjifiKiSSli A g ©St^i t) fciSi/^fcii). A g ti^^ 

mP t*^-li:^;5^#^i,^i:v^-5Bg®*^fe^o 10 
[0 0 15] m^ir^':)ms^m^^^cticx^^^ 

{i. M" *®lS?lt%S r. B a,C a.-^«Lfct#. 
x + y + z = K O^x^l. O^y^O. 9. O^z 
^ 1 ©ifiHJC^3(,^T|gS-r-So m" B aOit^ 

[0 0 16] ^tc. m" lC[&J6§C a©l±^A^ii5<^t) 

;S^#M-rSi:. z<l i:-rs<ii:*W*U<. 20 
z^O. 8 

[0 0 17] *^B^s^<Diiiifc<fcn{f. ji*t-r<og 

x/6 + 0. 2^y^0. 8 

a. Ell^c^■rH7c^^04'(D/^•y^>'^Mi^T•a65o 

[0 0 18] $/cs ^m^^lim^(DB^. M" B i 
4T i.0.!^S©cttlS?^4 1. OOAJJU:. 

L < {i 4 1 . 3 0 At(±i:-rntf ^ nmmw^o)^'^ 4o 
(i. m" b i 4 t i , Ols mm^Bommm am^iss 

r) <0-^-(:t>^m(0mf3i^i&(Dn^ m^lfB a 
tcfeV. m" 'f<5II?J±*S-rx:feJ;I>*y*^±fB 
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x/e + O. Z^y^O. 8 
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[0 0 19] cmmcommii. m\<om^. m2<om 

[0 0 2 0] *5l^90Eti-t75-y^7>fc33V>Tx Qna 

x^^p,^c:(aI±^•^^■:5fc46^^:^±, ^v^y-r K^ffci^^ 

vy^y-TKli. La. C 
P Nd. Pm. S m. Eu. Gd. Tb, D 
y. Ho. Er. Tm. Y b^feitfL uTfeO. CtlS 
<D'o*>Xl,t. La. Nd. S m. Gd. Dy. Ho. E 
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ilfc^&SCi:*^?,. Mnil{t!Kl®-g-«»ttMnOJcJ^g 
LTif*L<tt0. 6 2SIS%*J®. cl:t)»*t<{i 

0. 6 ORM%J-XT. 5P.t»SL<B0. 4 3K»% 

0. 0 2S«%JX±-^W?n«ci:^)^ieF$L<. 0. 0 
3««%J.X±##2*iSlg-a-. #l<:Qiax|ql±S6m*^ii[i 
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L<tto. 7nm%^mtL. <j:t3$f$L<{io. sa 

[0 0 2 3] *%B^©fftt-fe5S>y^'X{i. ifXTxe 
^^{fc-a-%T-fe5M" B i 4 T i 4 0.S Mi^^B^^^i. HH 

^\cc<of^^mii^^m^^nx\,^^cti}m'^Li^ii\ % 

<l<Dffi«-b7 5'yi'X4'fi:^3t/^T. LntiM" Bi4T 
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[00 2 4] *^B^<7)E«-b^ 5 -y ^ 7.(D^WmHi. 

-lat (m" .-, L n.) B 14 T i.Ois i:-rn{fj;<. 
nfcM n o^c o osbMt&n^nfcfe© t-rnjf iv^ftv 

M" + L n ©It^-'f'. T i t^-rs B i (D\tmii\ ft^ 

«iw)ajs*^e)±5%@s-rnTV'>Tt><t(/\ M^ttf, t 

[0 0 2 5] $/cs *^<Dff«-b7 5 7^X»c{i. ^ 

a^M^co^fti^jcgiSLT^ n^n^f*© o . smm. 
feo. 5M«%JXTT*a&5iii:*^j;DiffStv\ iinp. 

[0 0 2 6] *^B^<7)ff«-b95 7 ^'x^i^H^iiti. m 
n:&i^5b^ :lli!i:^riRifcfei/^T. ^(f*L<iii~i o/i 
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[0 0 3 0] 2t:%B^^e.35)^S r B i 4 T i 4 Ols ^^tTXT 
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y^-0. 8x + 0. 9 

-0. 2x + 0. 3^z 
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m 3 <D^ilcDE«-b9 5 «y Xtt. ^ 1 <DSi(i®E«-b 
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^3<0tei^<Dffl|-t^$-y^'XT'{i:. ffiffl^r-Ka 

[0 0 3 3] m3©®ei©ffi«-b^^-y^X{i. Ln^ 
4 T i 4 Ois -y ^xicti:^. QaixiAi:.^ < ^ 

a B i 4 T i 4 0,s -y ^xa^@*^BIiT*S« 

A\ L n mifi^omaic J; t) c n7b^#^ » 
[0034] ms-nm 

[0 0 3 5] $-f. ffi^Mi^tLTs Sfclis 

m. Tkmm. ^^^^ymm. mmmm. mii^miam" 

CO3. BiaOa. TiOz, LasOa. MnOj. Mn 
[0 0 3 6] ^V^T'igji-rSo {gMMJC^ 

^j^-rso ■isMja*{i. j?*L<{i 700-1000 

it)^eF*L<{J:7 5 0 — 8 5 0°Cl?feSo iS^fig 

ti^tttn^^n^v^jb^ ji^. i-si^rat-rscfcjb^ 
[0 0 3 7] m^nTcUma^x^V-itU 

^■r$^#«-rSi:. l~5/zm@ai:-rSC^:AW* 
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micTii^^pm (4-8Ms%gsD ^pLfcm, 1 0 0 

-4 0 0MPaSSOE*T-:/'bXfi^L,T. 

[0 0 3 9] ^A^^r\ j^mW^m^U EH-b^S -y ^ 
j^^ia*{i»* U<{il 100-1250 °C 

®®H*^e.MS?L. m.mmiim l < « 1 - 5 mrm 

^^E<D{gv^|?ffl^^ffiv>^H^> fe5V>{iJiEil^# 

[0 0 4 0] m.m. ^mum^mto ^msmo^mn^ 
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9 

1 ~3 o^ms ^@mmmm^<o i . i i6s;Ltttn 

Co 0 4 1] 
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SSii-^l/feo Si^iffl^lcfeltS S r. Ba, Cafe<t 

•To 

[0 0 4 3] i^V^T\ ig^mL 
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:/PX^}^U ¥ffiTl^4 Ommx 4 Dm. 1 Sm© 

[0 0 4 4] m^nrzm^w^mmhfz. mmts b i 

fiScjaeti 1 1 2 0-1 2 3 5°c<D®H*^e)^0?L.. 
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TStA gWS^M^Pb. 6 5 ox:-e 1 o^p^i^m^ 
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[0 0 4 6] ^v^i?. 2 5 oVD-yv n— y:t-r;w';x 

(flcfcl/^T. 1. IxEc m/nd SiL±<Dnn^l^m 

aiAoLT^ffijoa^fiSLfco ±faE.{i. 250 

[0 0 4 7] ^®:?nfc7n>y ^pffi^SsOmii 
X5. Sim. ©?0. 4 SmiOmkW^WOtiiLtz'^. 
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3iifc^0tBLT^'y:/^fffcc c:«)^>y:/©±Tffi 
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[0 0 4 8] #-9->'y;Wi:-QVT> iia.-Uyh/^yiJ 
-KttS'TVlf-tJfVXT'-f 4 19 4 A^ffl 
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[0 0 4 9] $fcx #'9-V:/;VtOV>T-4 0~8 St 
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20 ^-V-y h : CuKa. 
««H : 4 5kV. 
"Sn^ : 4 OdA 

2eS!l^H: 1 0-6 OS. 

30 T. !l(0ftiyr^Mz^lf:^2B(DmWMt. JCPDS 
A- KNo. 2 7-1 4 02 lC|BK^*lTI/''S S i If-i^ 

<0 2 0^:<oM%*4i)^ nom^^i^i^rzo n^nrz^i^ 
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40 4^(D\^~'>^imtLX. \^~'^(Dm^tZe(DmiE 

(D\^-'>tt)m^^fzi^. ^(o\f:—>imwii^^^n 
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Lnft 
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fiTC 
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LOOO 






La 


0.1 


0.31 


20.6 


-87 


41.00 
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0^69 


0.111 




La 


0.1 


0.31 


18.8 


-77 


41.10 
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¥a 
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104 


0.666 


0.444 




La 


0.1 


0.31 


18.2 


-49 


41.41 


105 


0.333 


0.667 




La 


0.1 


0.31 


17.7 


-43 


Jll.57 


106 


0^89 




0.111 


Lk" 


0.1 


0.31 


19.0 


•86 


40.97 


107 


0.778 




0.222 


La 


0.1 


0.31 


21.4 


^ 


40.96 


108 


0.556 




0.444 


La 


0.1 


0.31 


19.0 


-79 


4a66 


109 


0.333 




0.667 


Ui 


0.1 


0.31 


24.6 


-78 


40.81 


110 
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"Lk" 


0.1 


0.31 


25.2 
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40.68 
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0^6 


0.222 
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0.1 


0.31 


8.9 


-46 
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Gd 


0.1 


0.31 


6.9 


-46 


203 


0.556 


0.444 


Yb 


O.l 


0.31 


6.8 


-48 


204 


0.556 


a444 


Nd 


0,1 


0.31 


6.9. 


•46 


205 


0.556 


0.444 


Dy 


0.1 


0.31 


4.6 


-44 


206 


0.556 


0.444 


Hb 


0.1 


0.31 


4.0 


-46 
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0.566 


0.444 


Er 


0.1 


0.31 
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[00 6 5] m3\cm-rv-yf?v(D^3LV-iSMii. -t 

'^T 5 0 0 VU±X'^^fZo m 3 \c^tV-yf)V^m^ 20 

xmMtfxmci:t;)mviLrct<i?>. u" b 14 t 1,0.5 
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